Objective. TM joint (TMJ) arthritis occurs in up to 80% of children with JIA and can result in substantial deformity. TMJ arthritis can be refractory to systemic immunosuppressive therapy and IA CS injections (IACIs). Multiple studies have shown the benefit of IA infliximab injections (IAIIs) in several different joints, so we used intra-articular infliximab injections (IAIIs) in JIA patients with TMJ arthritis refractory to IACIs. The objective of the study was to test the safety and efficacy of IAII therapy for TMJ arthritis.
Introduction
TM joint (TMJ) arthritis occurs in up to 80% of children with JIA [12] . Untreated, TMJ arthritis leads to micrognathia, poor mouth opening, facial dysmorphism and lifetime disability [34] . TMJ arthritis does not appear to respond fully to aggressive systemic therapy for arthritis, including anti-TNF agents [56] . Nevertheless, like other joints, TMJ arthritis responds to IA long-acting CSs, such as triamcinalone hexacetonide (TH) [5, 710] . However, post-IA TH TMJ injections are effective in increasing inter-incisor openings and demonstrating improvement in inflammation by MRI in only $50% of JIA patients treated in this manner. Moreover, repeated IA TH TMJ injections yield only minimal benefits in patients who have a poor response to the initial injection [7] . Multiple prior studies have evaluated the use of IA injections of TNF antagonists [1127] . There is substantial heterogeneity among the studies with respect to the underlying condition, study design, selection of TNF inhibitor, target joints, dose and frequency of injections. However, most of the studies demonstrated short-term and, in some cases, long-lasting improvement with local TNF antagonist therapy, even among patients who have failed prior IA CS injections (IACIs) [12, 16, 19, 23, 28] . Among those, one study demonstrated that repeated IA infliximab TMJ injections (5 mg/injection Â 7 bilateral injections) in an adult with PsA and severe TMJ arthritis refractory to systemic infliximab and IA CSs resulted in improved TMJ symptoms and halted progression of disease as noted by CT [28] . These latter findings confirmed data from rabbit models of TMJ arthritis of improvement with IA infliximab [29, 30] . Since a significant percentage of children with JIA have continued TMJ arthritis despite aggressive systemic therapy (MTX plus biologics) in addition to IA TMJ CS injections, we began treating children with chronic progressive TMJ arthritis using IA infliximab injections (IAIIs) of the TMJs. Herein we report on the results of this therapy.
Patients and methods

Patients
This was a retrospective study conducted at a single centre (Children's of Alabama, Birmingham, AL, USA). A single oral and maxillofacial surgery group at the University of Alabama at Birmingham (UAB) performs all of the IA therapy involving the TMJ and maintains a file of such patients. Inclusion criteria were diagnosis of JIA according to the ILAR criteria [31] and completion of one or two doses of IAII therapy. Exclusion criteria were any diagnosis other than JIA. This research complied with the Declaration of Helsinki and was approved by the Institutional Review Board at UAB.
Infliximab injections
All TMJ IAIIs were performed by the same experienced oral and maxillofacial surgery group at UAB. All patients were injected under monitored anaesthesia care in an outpatient operating room. The TMJs were prepped with alcohol gauze, entered with a 23-gauge needle and lavaged with normal saline. Confirmation of entering into the superior joint space was noted by translation of the mandible upon injection, without imaging guidance; even the patients with chronic TMJ arthritis had sufficient translation to permit this manoeuvre. The joint space was then injected with 0.51.0 ml of 10 mg/ml infliximab (Janssen Biotech, Horsham, PA, USA), which is the maximum amount that can be inserted into this joint space. Haemostasis was achieved with gauze pads. The treatment was approved by the UAB Hospital Pharmacy and Therapeutics Committee.
Data collection
The electronic medical charts were abstracted for relevant clinical, demographic and imaging data. Maximal incisal opening (MIO) was routinely measured in the patients using the Therabite Measuring Scale (Atos Medical, West Allis, WI, USA); however, a standardized system for measurements was not employed, nor was there an adjustment for incisal vertical overbite.
Interpretation of TMJ MRI
The studies were performed as previously described [32] . Briefly, using a TMJ-specific head coil with the patient's mouth closed, we obtained 23 mm thick axial and coronal T 1 -weighted and fat-saturated T 2 -weighted images, followed by administration of gadolinium contrast and additional T 1 -weighted fat-saturated axial and coronal images. All MRIs were performed with a 1.5 Tesla scanner. Active arthritis was defined by the presence of bone marrow oedema, SF or synovial enhancement ( Fig. 1) , while chronic changes were defined by the presence of pannus, erosive changes, condylar flattening, or disc displacement or thinning. Although the synovial hypertrophy constituting pannus can reflect active arthritis, the presence of pannus requires a significant duration of inflammation, thus warranting defining it as a chronic change [33] . Eight different paediatric radiologists were involved in the interpretation of the actual studies.
Statistical analyses
Proportional data are reported as percentiles and continuous data as mean (S.E.M.). Comparisons of pre-vs postoperative MIOs were performed using the paired Student's t-test.
Results
Patient characteristics
Clinical and demographic features of the 24 patients included in this study are listed in Table 1 . The diagnoses were oligoarticular JIA (n = 5), RFÀ polyarticular JIA (n = 9), psoriatic JIA (n = 5) and enthesitis-related arthritis JIA (n = 5). None had RF+ polyarticular JIA or systemic arthritis. Fifteen (62%) of 24 patients were female. The mean (S.E.M.) age at onset of JIA was 9.1 (0.9) years (range 1.715.9) and the mean age of first TMJ IAII was 12.0 (0.9) years (range 2.818.2.). Seventeen (71%) of 24 patients had received two IACIs, 6 (25%) had received three IACIIs and 1 (4.2%) had only received one round before the first IAII. Twenty-two (92%) of 24 patients were on a systemic TNF inhibitor, either with (16/22) or without (6/22) concurrent therapy with conventional disease-modifying agents, 1 patient received abatacept and LEF, and 1 was receiving MTX as monotherapy. All patients had previously received IACI into both TMJs, and all received IAII bilaterally as well.
Safety
All 24 patients had at least one follow-up appointment after completion of therapy, at a mean interval of 7.8 (0.6) months after the initial IAII. They tolerated the injections without any adverse events. Specifically, there were no injection site infections, findings of s.c. atrophy, changes in skin pigmentation or reports of nerve damage or prolonged discomfort.
MIO
Paired MIO data for pre-IACI and post-IACI, along with post-IACI (pre-IAII) and post-IAII, were available for 22 patients. Before the first IACI, the mean (S.E.M.) MIO of these patients was 45.0 (1.2) mm; following the final dose of IACI, a mean of 19 (1.9) months later, the mean MIO was essentially unchanged at 44.9 (0.7) mm www.rheumatology.oxfordjournals.org (P = 0.963). Likewise, using the post-IACI as the baseline, the mean MIO following completion of the IAII, which took place at a mean of 6.1 (0.7) months later, remained essentially unchanged at 44.6 (1.0) mm (P = 0.888).
Imaging Twenty-three of 24 patients had MRIs before the initial IACI, all 24 had MRIs following the final IACI but before the initial IAII and had MRIs following the final IAII; 1 patient had a pre-IACI CT scan on account of dental braces. Changing the unit of analysis to the individual TMJ, findings of acute synovitis were present in 30/46 (65%) at baseline, 44/48 (92%) following completion of the IACI and 42/48 (88%) following completion of the IAII; findings of chronic synovitis at the three time points were 12/46 (26%), 29/48 (60%) and 38/48 (79%), respectively. All TMJs had acute synovitis on at least one MRI. Although on the whole, IAII did not appear to significantly improve the arthritis, substantial improvement was observed in several of the patients, including six TMJs (five patients) in whom resolution of the arthritis was observed post-operatively (e.g. Fig. 1.) .
Discussion
We performed IAIIs in 24 children with JIA, all of whom had already received one to three rounds of IACI into the TMJ, in addition to aggressive systemic immunosuppressive therapy. The most important result of this study is that these injections were well tolerated, without any adverse events in all 24 patients. Although ongoing progression of TMJ disease was slowed in many patients, IAII did not appear to have a dramatic effect on arthritis resolution. However, for individual patients there was clear improvement (Fig. 1) . It must be emphasized that all of these patients were on systemic immunosuppressive therapy, biologics in all but one. In addition, all had received one to three rounds of IACI, thus the patients in this study represent a highly refractory group of children and, having failed two rounds of IACI, were unlikely to respond to additional doses [7] . Since the consequences of poorly controlled inflammation in the TMJ are substantial with respect to effects on lifelong pain, function and cosmetic appearance [34] , halting the progression of the arthritis is itself a worthwhile end. The optimal dosing and frequency of IAII has yet to be established. Our patients received one or two rounds of IAII, whereas a prior study reported that multiple rounds were required to observe benefit [28] .
The mechanism by which infliximab injections into the TMJ may halt the progression of TMJ arthritis is unclear. In some of the prior studies using IA infliximab, improvement of manifestations of systemic inflammation were noted [13, 14, 18] , questioning the requirement for IA delivery of the medicine. However, 23/24 (96%) of our patients were already receiving systemic therapy with TNF inhibition or abatacept, with some of our patients receiving infliximab doses as high as 20 mg/kg every 34 weeks. Indeed, we have previously reported that the TMJ may in some cases be particularly refractory to systemic immunosuppressive therapy [5, 6] . Therefore the local delivery itself must mediate its therapeutic effect; prior studies have shown decreased cellular infiltrates and cytokine production following IA administration of TNF inhibitors [12, 17, 18] , although no study compared histological or other changes in patients receiving systemic vs IA TNF inhibition.
This study has several limitations. Our numbers were fairly limited, we did not use a standardized protocol for measurement of MIO and variability in the measurements can be introduced by dental exfoliation and eruption; although it is possible that standardized measurements might have improved their accuracy and changed our findings, no definite conclusions can be drawn. The other major limitation of this study is that the reviews of the TMJ MRIs were not performed blinded to therapy, and no standardized protocol was used to grade them. The strength of this study is that we propose a novel therapy that adds to the range of options for refractory TMJ arthritis. Although previous investigators have reported on IA TNF inhibitors in patients with inflammatory arthritides [1128, 35] , this is the first study in children, is only the second study to report on IA infliximab into the TMJ, is one of the largest studies published on the use of IA TNF inhibitors, and included both clinical and imaging outcomes and subjects who were highly refractory to aggressive systemic and local immunosuppressive therapy.
Future studies should compare IA infliximab with IACI for initial treatment of TMJ arthritis.
Rheumatology key messages
. IAII was well tolerated in children with JIA and may have halted the progression of arthritis in some cases. . Future studies will clarify the role of IAII in the management of TMJ arthritis. 
